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A PRAOTICAL DISCUSSION OF SPINAL ANESTHESIA 
Senior Thesis 
by 
Fred C. Schlumberger 
University of l~ebraska. College of Medicine 
April 12, 1934 
PREFACE 
In this monograph I r~ve attempted a survey of 
the literature of historical and recent date on the 
subject of Spinal Anesthesia. I have summarized this 
into a practical discussion of the subject and have' 
made no attempt to show its superiority or inferiority 
to other forms of ~~esthesia. The subject matter has 
been derived entirely, with due credit and acknowledg-
ment, from those authors listed in a selected bib-
liography at the close of the paper. 
-------,.., Q~ '*-,----- ---~------F"r------.,.....--_--
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nrrRODUCTIOlj 
Like many great discoveries, spinal anesthesia re!:'fll1ted 
from a..n accident. J. Leonard Oorning was the first to produce 
anesthesia by the intraspinal method. He did it accidentally, 
however, while giving a S'.lppose!i therapeutic extraspina1 in-
jection of cocaine. In giving the history I have very briefly 
described the evolution of anesthesia in general in order to 
bring out the similarity of the discovery of spinal anesthesia 
and other anesthetics. 
Due to prevalent misconceptions, this method was slow to 
receive its merited position in anesthesia. Thr~aghout the 
discussion the importance of a safe and well understood tech-
nique and the constant personal care for the patient have been 
stressed.. The technique given, in principle, is that predomi-
nantly used by most of the important workers in this field. 
Complications during operation and postoperatively have 
been discussed in detail and are generally agreed upon by most 
authors. Applicability and selection of patients are still 
points of considerable argument. Spinal anesthesia, as other 
anesthesia, has its good and bad points. Perhaps it is best 
to place its choice with the surgeon. That evidence which 
gives the surgeon most peace of mind, knowing his patient as 
he should, will decide its applicability. 
HISTORY 
"And the Lord God caused a deep sleep to fall upon Adam, 
and he slept; and He took one of his ribs, and closed up the 
flesh instead thereof. If It has been claimed that in the "deep 
sleep" which the· Creator "caused to fall upon .A.d.amlt is the 
germ of the idea of ru1esthesia tr~t has come down to us from 
the dim ages of the past. It is probable that pr~itive man 
used digital compression of the carotid arteries to produce 
anesthesia, as the inhabitants of same countries do to(~. 
This method was practiced by the Assyrians before performing 
the operation of circumcision. Curiously, the literal trans-
lation of the Greek ~~d Russian terms for the carotid is 
"the artery of sleepll. (1) 
The ancient Egyptians are believed to have used Indian 
hemp and the juice of the poppy to caUse a patient to become 
drowsy before a surgical operation. Pliny (1) relates that 
they applied to painful wounds a species of rock brought from 
Memphis, which was powdered and moistened with sour wine. 
This is the first record we have of local anesthesia with 
carbonic gas. It is probable that the "wine mingled with 
myrrh", which, according to St. Mark, was offered to Christ 
before he was nailed upon the cross, was indeed a narcotic 
draught, given with the object of lessening his sensibility 
to the agony. 
2. 
3. 
The earliest reference to anesthesia by inhalation is 
contained in the works of Herodatus, who states that the 
Scythians were accusto~ed to produce intoxication by inhal-
ing the vapor of a certain kind of hemp which they threw upon 
the fire. ~nis was probably cannabis indica, or Indian hemp. 
During the fifteenth ceutury, several new drugs had been 
introduced and used as 8-11 inhalation, in mixed form. The 
following is the composition of the sleeping sponge, and the 
method used. "Take of opium, of the juice of the forest mul-
berry ,of the seeds of lettuce, of the seeds of dock, which 
has large round apples, and of the water-hemlock, each an 
ounce. Mix all these in a vessel, and then place it ina 
new sponge; let the whole boil "until the sponge consumes it 
all. Place the sponge in hot water for an hour and let it be 
applied to the nostrils of him who is to fall asleep." The 
sleep produced was so profound it often continued for several 
" (1) o..ay-s. \ 
Local anesthesia was not unknown. during the llliddle ages, 
and Cardow recommends the inunction of a mixture consisting 
of opium, celandini, together with oils. Crushed seeds of 
pOp'py and henbane were applied as a plaster to 'Parts about 
to be cauterized. Local anesthesia was also produced by 
freezing. During the seventeenth and eighteenth centuries 
the interest in anesthesia began to wane and few allusions 
are made to it until late in the eighteenth century. Thus 
from the dawn of creation, anesthesia for surgical operations 
had been practiced to some extent, but, owing to the uncer-
tainty of the potency and action of the powerful narcotics 
and palliatives administered and tl~ danger attending their 
use when exact science was unknown, the practice seemed 
likely to fall into oblivion. At last a series of brilliant 
d.iscoveries in chemistry created a new epoch in the history 
of anesthesia. 
The chemical era of anesthesia,brought about the dis-
coveries of Priestley about 1767. These led up to the plan 
of administering gases and vapors of definite composition 
through the lu.ngs. In course of tixne, nitrous oxide, which 
had been discovered by Priestley in 1776, was introduced by 
Huulphery Davy as an inhalant, ~~d he discovered to his great 
delight tr-v3.t it relieved pain.. About this ti.m.e, Professor 
Thompson of Glasgow was accustomed to amuse his students 
annually by allowing thern to inhale ether and nitrous oxide 
until they were intoxicated. It 1s an extraordinary fact 
t:b..at t even in the face of such experimeIlts, no one among 
the investigators who stood at this time on the brink of so 
great a discovery ventured over the threshold.. The things 
that are the most apparent may be the longest buried, and 
so with the discovery of efficient anesthesia. (2) 
4. 
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In 1844, however, Dr. Colton, a pupil under Turner of 
London, delivered a lecture at Hartford, Cor.necticut. Several 
demonstrations for the amu.sement of the audience were done. 
Dr. Wells who wa.s in the audience induced a Dr. Riggs to be 
the operator and extra.ct a tooth while under the influence 
of the nitrous oxide. This was done and, as Wells stated, 
with.out pain. Wells then demonstrated its use several suc-
ceeding tL.'11es. He was asked to address a class a·t ~assachu­
setts General Hospital, at which time his experiment was not 
successf-iJ.l, and the whole thing was denou.nced as humbug. He 
becBJ.'1J.e disappointed, his death occuring, due to this, at 
thirty-two. To Wells, however, belongs the credit for having 
first shown the practicability of producing insensibility by 
nitrous oxide and establishing the principle of &~esthesia. 
In 1828, Faraday had called attention to the ~~esthetic 
properties of ether. In 1839, Clarke and Morton began amusing 
their friends by the 'use of ether, just as nitrous oxide. 
Morton begs-'I'l. stll.dying the more serious side of the u..~con­
sciousness brought on by ether, and finding his conclusions 
similar to those of Wells, he ~ad opportunity to use ether 
on several extractions. These proved to be very successful 
_and he obtained "permission to test his new anesthetic on a 
surgical patient at Massachusetts General Hospital. The 
opera.tion was a success and SOOll after (1846) a meeting was 
held in Boston to decide on a"'"nam.e for the "sleep ·producing" 
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substanoe. Morton h~self ohose the name "letheon", but sub-
sequently Dr. Oliver Wendell Holmes suggested "anesthesia" for 
the oondition and "anesthetio" for the agent. 
Chloroform as a substanoe had been known for some time. 
It also passed through a series of more or less amusing ex-
periments, before Waldie and Simpson beoame aware of its prac-
tioal uses. In 1847 Simpson first used ohloroform anesthesia 
with sucoess and reported the same to the Medioo-Chirurgical 
Society of Edinburgh. The advent of ohloroform gave an impe-
tus to other investigators, and during the last fifty years 
suoh agents as methyl chloride. ethyl bromide, et.hylene and 
amylene have been produced, many of which have been abandoned 
beoause of some defeotor other. 
Local anesthesia has already been alluded to as probably 
the earliest form of complete anesthesia. In 1884, Carl 
Koller of Vienna demonstrated the effeots of oocaine as a 
local anesthetic. The alkaloid was isolated by Gftdeke from 
the leaves of Er,ythroxylon Coca, in 1855. Koller undertook 
a series of experiments on animals in which he found com.-
plete anesthesia of the eye lasting, on an average, ten min-
utes following the intro~ction of a two per cent. solution. 
The immense value of such an anesthetic in ophthalmic oper~ 
tions was universally recognized. Soon other alkaloids oame 
out and found ready use. especially in dental work. 
7. 
With the development of local anesthetic s~stances, we 
also see the beginning of spinal or ~barachnoid anesthesia. 
Oorning (5) was the first to begin such exper1mentat ion. He 
found that when a certain quantity of a remedl'. s~ strych-
nine, is thrown under the skin of a frog, certain functions 
of the spinal cord are profoundly affected. The animal is 
thrown into violent convulsions and assumes a rigid attitude. 
SUch action may be produced by direct injection of the sub-
stance into the sheath of the cord or injection under tbe 
skin. 
He continued his expertments to determine whether local 
medication of the spinal cord was within range of practical • 
ach~evement. The drug made use of was the ~drochlorate of 
cocaine. The injection of twenty minims of a two per cent. 
solution of cocaine between the spinous processes of the in-
ferior dorsal vertebrae of a young dog, shoUld produce effects 
similar to a transverse m1elitis or total hemisection of the 
cord. This was not injected into the membranous coverl:cgs 
of the cord, since OOrnillC assumed that the small vessels 
running down between' the spinous processes enter the spinal 
canal, join the more considerable vessels of the plexus 
spinalis int erna , and thus produce anesthesia of the cord 
substance. The above havi:cg been done, a few minutes later 
there was a marked evidence of weakness in the hind legs bUt 
,-----~ I" 1Ii£;u;;;:u:;r f::a;:;;:;:: 
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no evidence of feebleneQs in the anterior extremities. Upon 
testing the sensibility. there was no reflex action whatever 
in the posterior extremities. Similar effects were produced 
on pinching or pricking the limbs. After a lapse of about 
four hours, the dog seemed to have recovered and walked about 
without difficulty. 
Corning then performed a second experiment on a man, using 
thirty minims of a three per cent. solution of cocaine into the 
space situated between the spinous processes of the eleventh 
and twelfth dorsal vertebrae. Be then injected another thirty 
minims in the same manner eight minutes later. In twenty 
minutes there was definite anesthesia of the lower extremi-
ties, the lumbar regions, the penis and scrotum. .An hour or 
~ore after injection, sensibility was still ~ired to a 
marked degree but otherwise he seemed none the worse for his 
experiences. 
The only constitutional symptoms complained of were head-
a.che and slight vertigo. At no time was there nausea. Some 
tingling sensations and numbness perSisted the following 
morning. 
Oorning concluded that such medication might be of thera-
peutic advantage in many morbid conditions of the cord or even 
certain branches of surgery. 
Spinal anesthesia may be sa.id to have tru.l1' began with 
Nierman (6) who, in 1859, discovered the alkaloid of coca 
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leaves, to which the name cocaine was given. In 1862 Schroff 
found that cocaine had local analgesic properties. Koller, in 
1884. suggested its employment for surgical purposes. 
Oorning, however, pla,s a conspicuous part in the ear17 
history and his experimental work was the first recorded show-
1ng its pract1cal use. Oorning was influenced by the work of 
Barley who showed that a poison such as strychnine, injected 
under the membrane covering of the cord, can act only through 
the inte~ediation of the blood vessels. Oorning concluded: 
dIn order to obtain these local effects, it is necessary first 
to inject the solution in the vicinity of the cord: second, to 
select such a spot as will insure the most direct possible 
entry of the fluid into the circulation about the cord in a 
given area". 
Qo.inke (G) discovered, three years later, independent ot 
Oorning's work, that it was possible to remove the spinal fluid 
after lumbar puncture without danger ot the patient. 
Following the work of Oorning and Qo.1nke, man;y men experi-
mented to learn the effect of medicinal fluids upon the spinal 
cord. It was natural that someone should propose the inJec-
tion of such substances through lumbar puncture. 
Sicard (G),in 1894. published a report of a series of ex-
periments in which he injected into the ~barachnoid space 
various substances as normal salt solution, morphine. and 
10. 
tetanus toxin, and later reported on cocaine when introduced 
into the stLbarachnoid space through the 1ntercranial or spinal 
route. 
In 1894, Oorning published an account of his method of 
irrigating the caude equina with medicinal fluids. While dOing 
this he became ~pressed with the desirability of introducing 
the remedies directly into the spinal canal. Corning's studies, 
however, made no ,impression despite the fact that he suggested 
the surgical application of the method. No one took the hint 
until Bier (3) of Xeil demonstrated its worth and published 
the results of his labors. 
Bier (3) established the surgical application of spinal 
anesthesia. Lumbar puncture after the method of Qu,1nke was 
employed. The skin was rendered insensitive to the needle by 
means of infiltration. After the appearance of Bier's paper, 
many stLrgeons, especially in France and America, adopted it. 
The first surgical operation performed in America under 
spinal analgesia is credited to Tait and Oaglierei. Theydid 
an ostecto~ of the tibia on October 26, 1899. 
Then ~men proceeded helter-skelter to attempt surgi-
cal operations under spinal anesthesia. Tbey did not stop to 
consider techniqUe or contraindications. Many fatalities 
occurred, causing the method to be placed in a bad light. 
New methods should be devised Bier said "in an attempt to 
reduce tOxicity of the drug and to prevent the unpleasant 
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by--effects so often noted". This resulted in much experimenta-
tion and in a score of drugs being advocated. 
Kreis is the first man credited withbaving employ-ed sub-
arachnoid analgesia in obstetrics. Tait and Oaglierei in 1900 
(7) reported three cases in which cocaine was injected into the 
sixth cervical interspace without unusual results. In 1900. 
Morton introduced the extension of spinal analgesia to surgi-
cal operations on all parts of the bodl'. Jonnesco added strych-
nine to the analgesic solut ion, while others used it in conjunc-
tion with spinal analgesia. 
Within recent times there bas been some agreement as to 
indications and contraindications. The technique has been 
standardized. Blomfield: (8) say-s I'the majority- of workers pre-
ter to limit the use of spinal analgesia to operations belO'W' 
the level of the umbilicus". In Europe this does not hold 
true. Additional study will have to be done in order to under-
stand the effects on the bulb before it will be without danger. 
The distinction of perfecting the technique belongs to 
Jonnesco and his report in 1908 to the Congress of the Inter-
national Society- of Surgeons in Brussels popularized the method 
and spinal anesthesia began to be used extensively-. Unfortun-
ately-. there was a reaction due entirely- to the recklessness with 
which the method was employ-ed and the result was that when sta-
tistics were compiled they- showed that ether anesthesia bad a 
much greater range of saiety-. Until the time of the World War, 
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very little enthusiaan was shown toward spinal anesthesia. 
Since then, with drugs that are within the limits of safety, 
a fool-proof technique, with absolute indications and contra-
indications given due consideration, spinal analgesia has 
passed the threshold of doubtfUl applicability and has re-
ceived wide recognition. 
13. 
PHYSIOLOGY .AlID TECHNIQJJE 
Spinal anesthesia, lumbar anesthesia, medullar,r anesthesia, 
intradural anesthesia, or rachiaDesthesia, are nerve-root anes-
thesias produced by the injection of a local anesthetic into 
the eavi ty of the spinal arachnoid. In no other way can so ex-
tensive an analgesia be produced with as small a dose of a drug. 
Consequently, of all anesthetics it produces the least general 
protoplasmic disturbance or toxemia. 
Many preparations under different trade names are on the 
market for use in ~roducing spinal anesthesia. A few of these 
solutions are being most generally used with the best results. 
Novocaine, a. preparation known under a number of trade 
names, is most widely used to produce anesthesia at the present 
time. Although it has some drawbacks such as the short dura-
tion of analgesia in moderate doses, at the same time it is 
the least toxic of all and hence the safest to use routinely. 
The average dose, depending on the type of operation, physique 
of the patient, and length of time required. varies from 25 mg. 
to 300 mg. Some who are more venturesome use much larger 
doses. 
EUperca1ne is about twenty times as strong in its effect 
as novocaine, yet at the same time it is much more toxic. The 
toxicity is claimed to be dependent on the concentration, and 
due to the fact that it is used in great dilution, the danger 
from this is not considered any greater than with novocaine. 
The chief advantage of NUpercaine is undouhtedl1 its power to 
produce anesthesia. for llIIlCh longer periods. The same is true 
of Pantocaine. The dosage again varies according to require-
ments. The solution is made up in 0.5 per cent. saline and 
the maximum amount injected is placed at 20 C.C., the maximwn 
of nupercatne itself being 18 mg. 
Spinocalne was devised by PitkiD. (9) with the intention 
of producing a. controllable anesthetic. Be made up two mix-
tures of novocaine, one with a. higner and one with a lower 
specifio gravity than that of the spinal fluid. He then 
claimed that by placing the patient in different degrees of 
the horizontal and using these solutions, the height and area 
of anesthesia. could be controlled to a great extent. For 
example, when USing the heavy solution, which is made up with 
glucose, the patient is placed in the Fowler posit lon, and 
when using the light solution, which is made up with alcohol, 
the Trendelenburg position is used.. This method is not very 
widely employed. It is believed that the difference in the 
specific gravity of these solutions from tbat of spinal fluid 
is quiokly offset by the rapid absorption which takes place 
in the canal, the end result being :novocaine dissolved in 
spinal fluid and in doses sometimes more than double that 
required. It is felt by most men that the only safe position 
for a patient under spinal is the Trendelenburg. 
Pre-operative sedation bas been a topic of considerable 
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discussion among those using spinal anesthesia. Earlier workers 
believed that one great advantage of spinal anesthesia was that 
the patient remained conscious throughout the operation, whereas 
at present the weight of opinion ind~cates that he should be un-
conscious, or at least have his faculties dulled. For this 
reason, many men use pre-ope~ative sedatives. These not only 
allay the fears and apprehensions of the patient, but also seem 
to aid the action of the spinal. Morphine is most commonly used 
for this purpose. It may be administered in oombination with 
soopolamine, atropine, ~osineJ and in oonjunotion with nembutal. 
Bembutal intravenously is reoeiving considerable mention by many 
of the recent writers. This is being given in doses sufficient 
to produce Wlconsciousness, three to three and one-half grains. 
It becomes very useful in those cases where the patient insists 
upon a spinal analgesic but wishes to be Wlconscious. 
Ephedrine is used almost routinely in most clinics as a 
means of preventing or alleviating the drop in blood pressure. 
The average dose Varies from one-half to one and one-half grains 
and is best given about ten minutes before the administration of 
. 
the spinal anesthetic. Some who use nembutal advocate combining 
it with ephedrine. 
Practioally every authority on spinal anesthesia differs 
in some detail from the others. The reason seems quite apparent 
when one considers the ma.:.tW variable factors which may influence 
spinal anesthesia. The most common paints of difference in 
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technique which I have found in those clinics where it is used 
routinely are as follows: 
1. Pos1tion of the patient dur1Qg puncture. 
2. Interspaoe ohosen. 
3. Volume of liquid withdrawn. 
4. Dose of the drug. 
5. Resultant oonoentration of the drug. 
6. Rate and foroe of injection. 
7. Intradural pressure of the spinal fluid. 
8. Speoifio gravity of the solution. 
9. Barbotage. 
10. Position of the patient after punoture. 
The prone position for spinal anesthesia is advocated and 
used in a great many olinics. Koster (10) of Brooklyn uses the 
prone pos1tion all the time. with the exoeption of those cases 
in which he finds a severe scoliosis or extreme obesity where 
the median line of the back cannot be determined in tm lateral 
position. Oomplete flexion of the trunk is obtained by approx-
imating the head and the knees. It 1s possible for an individual 
of average strength to maintain such flexion easily in an unco-
operative patient by applying a well known wrestling principle. 
With the patient on his left side. the head approximating the 
knees and the arms extended over his head. if the assistant 
stands on the side facing the patient. places his right arm 
around the neok and his left arm around the knees, both from 
behind forward so that the hands oan be olasped in front of 
,-
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the patient, the latter is rendered helpless. 
Orth (11) of Chicago states, "We have experimented with 
both the sitting and the lateral postures, and have preference 
for the latter." He finds by administering the anesthetic 
with the patient in the lateral posture, the immediate acci-
dents such as headache, ~cope. and others, are decreased or 
avoided. They are never dangerous, pass off rapidly when the 
patient is placed in the lateral posture, but should be avoided 
if possible as they may induce an unsuccessful anesthesia in a 
nervous patient. 
Babock (12) of Philadelphia. places the patient on the side 
of the operating table, well back from the edge, his legs de-
pendent. An assistant, standing on a stool facing the patient, 
properly arches the exposed and carefully sterilized back by 
carrying his left arm back: of the patient's neck to the front 
of the abdomen. where he grasps the crossed wrists of the pa-
tient. .As he pushes bacltwaJ;'d on the abdomen, his left axilla 
presses the patient t s neck downward and backward, arching but 
not inclining the back. (Fig. 1 and 2) 
In either method, the exposed portion of the back between 
the sacrococcygeal junction and the lower dorsal spine is 
painted with picric acid and a sterile towel is placed over 
the side of the patient above the sterilized field so that the 
crest of the l1itml can be located by the operator with the fin-
gers of one hand. .An imaginary line between the superior part 
-Fig. 1. Patient in cerrect ge8it!en on side showi.1 
re1atiTe ,osition of lower thoracic and lumaar interspaces. 
Line joining iliac creat eressee 4th. lumbar interspace. 
From ETans. 
Fig. 2. MetA" of .eldimg pateint i. slttiag ~ositi0n 
for iRtradural illjeetioR. Tae assistant stands ona stool 
above the level of the ~atient, with the patient's neck under 
his left axilla. With his handa he graa,s tlle :patient t a 
wrists and by Dearing downward and 'Dac.kward. upon the 
patient's neck, the back is pro,erly arched. The laek should 
be arched rather than inclined fGrward. 
From Baieo ck. 
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of both iliac crests crosses the spinal column between the 
third and fourth lumbar vertebrae. The thumb of the same 
hand (after the fingers determine the crest) locates the de-
pression above the imaginary line, that is, the interspace 
between the second and third lumbar vertebrae. At this 
point the puncture is made. (Fig. 3 and 4) 
Oertain anatomical facts should be mentioned at t~is 
time. Many failures to procure surgical anesthesia by 
spinal injection are fundamentally due to unsuccessful spinal 
taps. 
The base of the spinous process of the second lumbar ver-
tebrae is comparativelY thicker than the others and this is 
regularly felt in locating the interspace between the second 
and third, namely. the injection site., The axis of the inter-
space between the lumbar spinous processes varies. That be-
tween the fifth and fourth lumbar is almost horizontal. where-
as that between the vertebrae above is very slightly upward 
and forward. The distance between the bodies and spinous 
processes of the second and third lumbar vertebrae is great 
enough to allow a needle introdnced horizontally in the median 
line between the bases of the two spinous processes to enter 
the subarachnoid space without impinging on a:ny bony parts • 
• ttached to the base of each spinous process is the 
supraspinous ligament. Between each spinous process are the 
interspinous ligaments and along the posterior wall of the 
Fig. 3. Marking 
needle. With the end 
the lower edge of the 
caused to make a line 
needle is entered. 
the paint for the introduction of tile 
of the gloved thum~ pressed acainst 
spinous process the finser .. nail ia 
upon the skin, through which the 
From Ba.cock 
. Fi~. 4. S~owing the position of the needle after 
inductioR, or ready for induction of anesthetic. . 
From Ba..cock 
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spinal canal extends the ligamentum subflavwn. Each of these 
can be felt by the pene.trating needle, and the last is a de-
pendable guide to the depth of the needle point. Several 
trials enable one to identify the ligament easily by its 
characteristic resistance to the passage of the needle. 
The spinal dura is cont inuous with that which invests 
the brain. It is a loose sheath unattached to the boD3' frame-
work of the spinal canal and is separated from it by loose 
ariolar tissue containing a plexus of veins. The latter are 
more numerous in front and on the sides. Very few are found 
posteriorly. The arachnoid, separated from the dura by a 
slight interval, the sabdural space, is separated from the 
underlying pia by a relatively large space, the subarachnoid 
space. This latter space which attains its greatest dimen-
sions at the lower part of the, spinal canal contains cerebro-
spinal fluid. 
The spinal cord terminates opposite the lower border of 
the first lumbar vertebrae. The lower spinal nerves between 
the first and second lumbar vertebrae, gathered into a bundle 
on either side of the filum terminale, pass dom to form the 
cauda equina. The motor roots lie in front and the sensory 
roots lie behind. They are separated by an irregular crib-
riform membrane. the downward prolongation of the ligamentum 
denticulatum.(13) 
The needle is introduced horizontally in the median line 
through skin, subcu.taneous tissue, su.praspinous and interspinous 
ligaments, the ligamentum subflaVllIll, the dura, arachnoid, and 
finally into the subarachnoid space. It may be necessary to 
tilt the needle slightly upward. The necessity arises only 
when incomplete body" flexion is secured. If the needle is in-
troduced horizontally in the median plane of the bod¥. cerebro-
spinal fluid will be obtained at a depth of from 4.5 to 5 em. 
If the needle is introduced through the skin at an angle, the 
distance from the median plane becomes greater as the penetra.-
tion increases. Therefore, although the introduction through 
the skin mq be in the median plane, the needle may be one or 
more centimeters lateral to the spinal canal at a depth of 
5 em. t and a so called Itdry tap" be obtained. 
When the needle is known to have entered the subarachnoid 
space, the stylet is withdrawn and cerebrospinal fluid is al-
lowed to flow into and fill the globular portion of the ampule 
containing the crystals of anesthetic preparation. If in crys-
tal form, between 3.5 and 4 c.c. of fluid are required. If the 
proposed operation is a short one and involves structures below 
the diaphragm, an ampule containing 0.1 (!!J.D.. of the drug is suf-
ficient. If the procedure is to extend over three quarters of 
an hour but less tban two hours, and the site of operation is 
. below the diaphra(!!J.D.. 0.2 (!!J.D.. of neocaine dissolved in 4 c.c. 
of fluid is adequate. When, however. the operation involves 
the upper portion of the trunk or head, the same amount of 
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anesthetic ~ be used but should be dissolved in a larger 
amount of spinal fluid. The amount of anesthetic used de-
pends upon the operator and the type of preparation being 
used, since they vary in strength greatly. 
The filled ampules are placed on a sterile surface and 
the fluid drawn back and forth into a syringe to insure com-
plete solution. The entire solution is drawn into a syringe. 
The needle used in emptying the ampule is discarded, the 
stylet of the spinal tap needle is removed, and the syringe 
is fitted to the latter. The fluid is then injected under 
force and at the rate of an ordinary bypode~ic injection. 
The force and rate are the same, irrespective of the level 
or duration of anesthesia desired. After the injection, the 
needle is sharply withdrawn. The patient "is tmmediately 
placed in whatever position is necessary for operation. At 
this time it is of paramount 1mport~ce that the head be 
placed at a lower level than the trunk. This need not be a 
great distance, 2 or 3 inches being sufficient. unless dur-
ing the course of the operation it becomes necessary to tilt 
the table at.a greater angle in an attempt to relieve the 
cerebral anemia. Most operators find t~t the Trendelenburg 
inclination of 8 to 10 degrees is adequate. The field of 
operation is then prepared by proper sterilization and drap-
ing. As soon as this is accomplished, it will be found that 
the anesthesia is complete so that operation may be begun. 
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Many operators use a subcutaneous inJection of cocaine at 
the point of puncture. This is merely to anesthetize the skin 
over this area., since the puncture needle is large and mq be 
rather painful. The skin is the only structure passed through 
in making tIle puncture which is sensitive enough to cause a 
great deal of disturbance. In persons with a relatively ner-
vous make-up, one finds that a subcutaneous inj'ection TIJJq be 
qUite helpful. It has been been found that patients go into 
profound shock during the process of making the spinal puncture 
and the cutaneous anesthesia ma¥ prevent such a condition from 
occurring. On the other band, some operators maintain that if 
a small needle is used. a subcutaneous anesthetio is not 
necessary. 
]abock (14) of Philadelphia states. "The use of a fine 
sharp needle removes the necessity of using a local skin anes-
thesia about the area of puncture. If the puncture needle is 
given a quick thrust through the skin the pain need not exceed 
that of a small needle used in injecting the cutaneous anesthesia-It 
Spinal puncture and tapping of the spinal fluid isa neces-
sar" preliminary to spinal anesthesia. In this procedure the 
type of needle becomes an important factor. A needle of small 
gauge makes a small hole in the dura and thus lessens the pos-
sibility of leakage and subsequent headache. 
Sise (15) of Boston recommends, "The point of the needle 
be such as to inflict the least possible trauma on the patient 
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and at the same time to deposit the anesthetic solution within 
the dura. The long sharp bevel is now generally discarded. A 
needle with a sharp ~tting paint produces a.larger hole in 
the dura than a needle of the same size baving a joint rounded 
like a cambric needle. This is becaUSe the sharp edge ~ts 
the longitudinal fibers of the dura while the cambric needle 
tends simply to pry the fibers apart without cutting them, so 
that when the needle is withdrawn they mq fall together again. n 
Sise uses a needle with what mq be called a conical point, 
one which is bevelled equally all the wa:y round, and of which 
the stylet fo~s the apex. This type of pOint seems possibly 
to obstruct more easily than the ordinary bevelled point, and 
when obstructed is less easy to free. Its advantages, however, 
appear to out-weigh these disadvantages. 
Fine needles"on account of their flexibility, are less 
easy to use than are larger and stiffer needles. A stiff 
needle retains its direction even when traversing resistant 
tissues, and its direction mB3 be altered while it is within 
the t issues. A fine needle, on the contrary, mq bend on 
meeting resistance and its direction cannot be altered without 
practically complete withdrawal. 
To meet these diffi~~lties, Sise (15) devised an intro-
ducer. It is essentially a cannula It inches long, with a 
sharp cutting point and a flange at the base, of a size to 
accomodate readily the needle to be used. This introducer is 
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employed by inserting it through the skin and posterior spinous 
ligaments much like a tlmmb tack. After the spinal needle has 
been inserted through this, it acts as a brace or splint to pre-
vent bending of the needle. This introducer has not received 
much popularity and is not used by the majority of operators. 
After the spinal puncture bas been made and the anesthetic 
introduced, the patient should be carefUlly watched. The pulse, 
respiration, and color are to be observed as if ether were being 
given. The respiration maT be observed by a wisp of cotton af-
fixed to the tip of the nose. If the patient is awake, conver-
sation to divert and encourage the patient should be carried on 
in a low tone. The patient is not to be informed as to the com.-
mencement of the operation, as many surgeons do, by inquiring 
as to his sensation of pain. If possible, the thought of pain, 
fear or danger should not be suggested by the conversation of 
bystanders. In not contrar-indicated by the operation, the 
patient may be entertained by bits of oracked ice, little sips 
of water, or even the privilege of smoking. 
The danger period of spinal anesthesia is from five to 
twenty-five minutes after injection. Ephedrine or adrenaline 
should always be available. The pat ient 's shoulders should 
not be raised until one hour at least has elapsed from the 
ttme of injection. For asthenic patients, a funnel and rubber 
tubing conneoted with a transfusion needle should be conven-
iently at hand with a flask of sterile p~siological salt 
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solution. Care after giving spinal anesthesia is often neg-
lected because operators think it insignificant, the end re-
sult many times being fatal. 
A thorough understanding of the p~s1010gy of spinal 
anesthesia should be had by all those who use or intend to 
use this type of anesthesia. The following pOints are worth 
remembering: 
First, spinal anesthesia produces analgesia of the tis-
sues supplied by nerves, the roots of which are affected by 
the physiochemical action of the drug after it has been de-
posited in the subarachnoid s:pa.ce. In other words, it is an 
extensive nerve block and not a physiological section of the 
cord. Testing the degree of sensation after injection reveals 
a sudden and complete fall in conductivity. The property of 
conductivity is abolished ver.y early, t~s allowing operative 
trauma without sensation almost as ~uickly as the operative 
field can be sterilized and draped. The action of an anes-
thetic agent on nerve tissue depends upon an affinity between 
it and the lipoid substance in the nerve tissue, a physio-
chemical solubility reaction occuring at the point of appli-
cation. The union between the anesthetics of the cocaine 
group and nerve elements is a comparatively unstable one, 
unlike that of the quinine group. It results in rapid and 
complete interruption of conductivitY', particularly of sen-
sory fibers. Increased diffusion, giving a higher level of 
anesthesia, mq- be produced by withdrawing a greater qUantity 
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of fluid, using it all as a solvent for the drug, and reinjec-
ting it in toto. BJ this means we secure a diffusion up to 
the brain. 
Second, spinal anesthesia produces a sharp drop in blood 
pressure with a slow pulse, differing from the rapid pulse seen 
in low blood pressure during shock or followlnghemorrhage. 
Third, there is a slow and shallow respiration. 
Fourth, there is a dry wound, that is, less bleeding. 
Fifth, the lumen of the intestines is contracted with a 
possible slight increase in peristalsis. 
Sixth, there is an absence of abdominal movement and no 
bulging of the viscera tr1l'ougb the operative wound. 
All these phenomena, with the possible exception of one 
based upon the physiological action of the drtIg, are of no 
danger to the patient and are most desirable for the surgeon. 
One can operate with much more care, with greater rapidity t 
and with less trauma. to the tissues. It is the sharp drop 
in blood pressure that carries the danger for t he pat ient 
and it is this phenomenon in particular that causes Dl8ll1' 
fatalities. (16) 
Thirty-one pairs of spinal nerves spring from the cord, 
each nerve baving an anterior motor and posterior sensory 
root, the latter al~s being distinguished by the presence 
of the spinal ganglion. From the second thoracic to the 
second or possibly the third lumbar, the anterior nerve roots 
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carry white rami which pass to the sympathetic chain by way 
of the rami communicantes. From ganglia of the sympathetic 
chain, gray fibers are sent to the blood vessels. These fibers 
are called postganglionic fibers. While the white fibers coming 
into these ganglia through the rami comm:unica.ntes are called 
preganglionic fibers. These pre- and postganglionic fibers, 
the sympathetic chains, and the sympathetic fibers of the two 
vagi nerves constitute wbat is known as the sympathetic auto-
nomic nervous system. 
This system supplies nerves to the arteries, glands, mus-
cles, and gastro-intestinal tract. Those supplying the arteries 
are vasomotor nerves. Their mechanism differs somewhat, depend-
ing on their anatomical distribution. Those nerves destined to 
supply the peripheral blood vessels receive postganglionic fi-
bers from the ganglia of the sympathetic chain, in which the 
preganglionic white fibers from the rami connunicantes have 
terminated. Each ramns communicans between a spinal nerve and 
a sympathetic ganglion consists, therefore, of two paris, one 
(white ramus) of preganglionic fibers pasSing from the spinal 
nerves to the ganglion, the other (gray ramus) of postganglionic 
fibers coming from the ganglion to the spinal nerve for distri-
bution to the peripheral tissues. On the other hand, the vaso-
motor nerve fi'i:srs destined for the great vascular regions of 
the intestine and other abdominal viscera, after reaching the· 
sympathetic chain by way of the white rami as preganglionic 
-,--
" 
Fig. 5. 'rae ,hYliology of the fall of 'blood-.pressure 
under spinal anesthesia. From the second thoracio to the 
.third lumbar the anterior nerTe roots carry white rami which 
supply through the intervening ganglia the bloo4-veesela 
walls of the eBtire 'body. The fall in blood-pressure during 
spinal anesthesia de,ends on the number and position of the 
anterior nerve roots blocked by the drug. From Babcock 
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fibers, do not return to the spinal nerves by the grq rami. 
They bave the sympathetic chain still as preganglionic fibers. 
in the branches of the splanchnic nerves and through them pass 
to the semilunar and mesenteric ganglionic or sympathetic 
fibers. arising from these ganglia. (Fig. 5) (24) 
The innervation of the heart differs ~ite decidedly from 
any other part of the vascular system. The cardiae plexus is 
formed by three cardiac branches from each vagus, a cranial 
nerve, and three or four cardiac branches from each sympathetic 
chain. The heart then, as you see, receives motor, sensor,y, 
and sympathet'ic nerve fibers. Afferent and efferent impulses 
are transmit ted dire ctly to and from the brain. The heart' s 
action, therefore, is regulated in part by direct stimulation 
of the vasomotor center in the mednlla. 
The vasoconstrictor nerve fibers are constantly in action 
to a greater or lesser extent. If the sY,mPathetic nerve in 
the neck is cut, the blood vessels of the ear become dilated. 
Blood vessels are kept in a condition of tone by the vasocon-
strictor nerve fibers. ~t these fibers and the vessels lose 
their tone and dilate. The relatively enormous effect upon 
aortic pressure caused by the paralysis of the tone of the 
arteries in the splanchnic area. shows that under normal con-
ditions the peripheral resistance in this great area pI81'S 
a predominant part in the maintenance of normal arterial 
pressure. and by the same reasoning variations in tone in 
the blood vessels of this region must play a very large part 
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in the regulation of blood pressure. (16) 
Bower (17 & 25) and his co-workers have contradicted this 
theory on the fall in blood pressure. In their work, they 
severed both splanchnic nerves and a stmilar fall in pressure 
occurred. This fall in pressure must be mainly cardiac in 
origin. They explained the mechanism as "a paralysis of the 
intercostal and phrenic nerTes interfering with normal chest 
expansion and diaphragmatic excursion, cauSing a damming back 
of venous blood ~n the right heart and its tributaries". They 
also observed in dogs a dilatation of the heart associated with 
anesthesia ascending to the fourth thoracic nerve root or high-
er. They also have shown that if artificial mechanical res-
piration is maintained so that the internal positive and nega-
tive thoracic pressure is regulated, the blood pressure and 
pulse do not var,y greatly from the normal. Most men agree on 
the first theory as the most logical eause of the fall in blood 
pressure. 
If' we inject novocaine into the subarachnoid space, the 
dru& will diffuse both toward the head and toward the sacrum 
for variable distances depending upon certain definite condi-
tions. Novocaine so injected does not remain as a free fluid 
that flows freely up and down this apace. There is a ~s1o­
chemical action almost ~ediately and a semi-gelatinous mass 
1s formed. The nerve tissues take up the greater portion of 
the drug and it is either destroyed locally or carried away 
in the blood stream in a comparatively short time. The position 
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of the patient r~s but little if any influence on the direction 
or distance of the diffusion of the drug itself. 
There are three main factors which control diffusion of the 
anesthetic d.rug in the subarachnoid space: (1) the method of 
injection, (2) the site of injection, and (3) the degree of in-
traspinal pressure at the time of injection. 
As the pDysiochemical action of novocaine, especially on 
nerve tissue, is greatest at its first point of contact, if it 
is injected very slowly and without pressure, the solution will 
tend to ranain in the. close vicinity of the site of puncture and 
allow the nerve tissues to take up the greater part of the d.rug 
leaving a dose too small to produce anesthesia by diffusion 
higher up. Spe.cific gravity of the dissolving agent means 
nothing in so far as diffusion of the drug is coneerned. Such 
lighter and heavier agents are u~lly made with distilled water 
to which alcohol is added to make an agent of higher specific 
gravity. When such agents are used, the incidence of headache, 
nausea, and vomiting is greatly increased. The patient's own 
spinal fluid renders one less liable to mistakes and it dis-
solves readily. This view is held by Koster (10) and numerous 
other operators. Pitkin (9) who has developed a heavY and a 
light solution for anesthesia at different levels suggests no 
particular space for injection since the extent of anesthesia 
is regulated entirely by the degree of Trendelenhurg or Fowler's 
pod t ion used. 
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The average upward diffusion from the various sites of 
injection are about as follows: Injection between the twelfth 
dorsal and first lumbar vertebrae will diffuse to the fourth 
dorsal; injection between the first and second lumbar diffuses 
to the sixth dorsal: injection between the 'second and third 
lumbar diffuses to the ninth or tenth dorsal; injection be-
tween the third and fourth lumbar diffuses to the twelfth 
dorsal. Therefore. if the operation is to be performed on 
the lower extremities, anus, perineum, and external genitalia, 
the anesthetic drug is injected into the subarachnoid space 
between the third and fourth lumbar vertebrae; for operations 
on the bladder, prostate, rectum, sigmoid or lesser pelvic 
organs, injection 1s made between the second and third lumbar; 
for ~pravaginalbysterectomw and midabdominal operations, in-
jection is made between the first and second lumbar; for opera-
tions on the Jd.dney, gall bladder, stomaoh or spleen. and for 
other upper abdominal operations, injection is made between 
the twelfth dorsal and first lumbar. Higher anesthesia can 
be produced, spinal anesthesia, however, having its greatest 
usefulness for operations below the diaphragm. 
~ppose the patient has received an injection of novocaine· 
in the subarachnoid space, between the first and second lumbar 
vertebrae, and the anesthesia extended up to the sixth dorsal 
nerve. These nerve roots are blocked, consequently there is a 
motor and sensory paralysis of the tissues. The blood vessels, 
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especially the great splanchnic have lost their tone. They 
have dilated and drained the blood from the periphery and,most 
important of all, from· the brain. The pulse rate is slow. 
Respiration is slow and shallow. Perhaps he does not respond 
to questioning as he should. If such a condition should exist, 
we know that all we have to do to relieve the patient's condi-
tion is to place him in the Trendelenburg position 80 that the 
blood can get back into the brain. Therefore, if the patient 
is put in a 15 or 20 degree Trendelenburg immediately after 
injection, the drop in pressure may be prevented. Blood pres-
sure is the one and only true indicator in spinal anesthesia 
of the patients condition. This condition is Similar to that 
found in fainting. A stDnulant in a fainting spell will arouse 
the patient. In spinal anestheSia, however, the vasoconstrictor 
nerve fibers to the blood vessels are paralyzed, the paths of 
action are blocked and st~ants cannot act. In spinal anes-
thesia (high) in which we have a sharp cU'op in blood pressure, 
the slow heart rate is due to interference of the sympathetiC 
or accelerator nerve fibers of the va~s, not altogether unop-
posed but partly unopposed, with a consequently slower rate. 
In the gastro-intestinal tract, the antagonism between 
the vagus and the ~athetic nerves still exists. However. 
their antagonism is directly opposite to that in tt~ heart. 
Here the vagus is still a motor nerve but has no inhibitory 
fibers. St~tion of this nerve. therefore, causes contrac-
tions of the intestinal wall. The sympathetics are the 
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inhibitor" nerves for the intestine. If stimulated, they cause 
dilation of the intestine. These two systems of nerves, with 
their antagonistic action. influence the maintenance of the 
normal size and motion of the intestine. In spinal anesthesia 
the sympathetic or inhibitory nerves are paralyzed, leaving the 
vagus unopposed, which accounts for the contracted lumen of the 
intestine. 
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COMPLICATIONS 
The complications and after effects of spinal anesthesia 
are less understood and more feared by the surgeon than JDaJl1' 
of the complications of general anesthesia or of major opera-
tions. :By always empl.oy1ng the sane drtl.g, of known purity, an 
aseptic technique and atraumatic surger,v, it 1s possible to 
limit the after symptoms to those which result from a fall in 
blood pressure. Respirator,v failure was formerly the most 
serious complication. It 1s more seldom seen with the newer 
~s and more modern methods of induction. 
In reviewing the literature on complications of spinal 
anesthesia, most frequent mention is found of headache. Less 
frequently t reference is made to symptoms that are classified 
as meningeal in origin, being the result of either a meningism 
or, more rarely, a true meningitis. Occasional reference is 
made to the appearance of neurological disorders as pares-
theSia, myelitis, anal and veSicle incontinence, paralysis 
of the external rectus muscle of the eye. Mental alterations 
varying from mild psychosis to pronounced insanity have been 
recorded as sequelae. 
The complications are not due to a general toxemia from 
absorption of the drug as the dose employed is altogether too 
small to produce such a condition. They are the result of the 
direct or selective action of the drug on those vital centers 
that are bathed in the spinal fluid, of a faulty technique, or 
• 
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of mistakes in preoperative and postoperative care of the 
patient. 
Evans ,(18) classifies the complications of spinal anes-
thesia intQ three groups, the immediate, the intermediate, 
and the late complications. The immediate symptoms are: (1) 
those of shock or syncope which oceur at the time of the l~ 
bar puncture or when the drug is injected; (2) the nausea or 
cold sweats occuring at the ~e t~e: (3) those resulting 
from depressed funotion following visoeral sympathetio paral-
ysis. The intermediate symptoms are those of headache, back-
ache, stiff neok and the other symptoms of meningeal irrita-
tion. The late symptans are palsies. perSistent headaohe. 
and neuroses. The intennediate and late symptoms are the 
irri~ative results of the spinal injection or the results of 
spinal fluid leakage. 
Vasomotor parallsis. The fall in blood pressure with its 
resulting acute bulbar anania is the most important and the 
most dreaded of all the canplications of spinal anesthesia. 
This sudden fall of blood pressure is often followed by nausea 
which, if not relieved, will lead to vomiting, pallor of the 
skin, a feeling of compression about the ohest. thirst. air 
hunger, cold sweats, and a slowing of the pulse and respira- . 
tion with a complete collapse in which the whole splanchnic 
nervous system is blooked and the blood has colleoted in the 
great splanohnic pool. The blood pressure may fall to zero. 
The funotion of the liver, kidneys and other organs may be 
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greatly diminished. The patient may become unconsciQus with 
cessation of the heart beat. In such cases, if respirations 
are maintained and the heart is not allowed to stop, a fall 
of blood pressure to zero at the wrist is well born and the 
patient none the worse because of it. With the proper treat-
ment, the blood pressure can be restored, the vital organs 
returned to normal function, and consciousness can be 
regained. 
If vasomotor paralysis is to occur at all, it occurs 
during the first fifteen minutes after the injection or when 
the patient is suddenly moved. The degree of paralysis is 
governed by the depressed condition of the patient and the 
height and strength of the anesthesia is reached, after which 
there is a readjustment and the body functions gradually ap-
proach the normal. The reactions of the patient during the 
first few minutes of a normal spinal anesthesia are in manT 
respects opposite to those of the patient during the first 
few minutes of a general anesthesia. In the latter there is 
exci t ement, mu,scular exert ion, increased brea.thing, fast 
heart rate, and a bounding pu.lse, while the patient is be-
coming more depressed. In the former, there is normal 
breathing, a warm dry skin, and improvement of the general 
condition as the operation advances. 
Adrenaline, a peripheral vasomotor constrictor, 'is the 
only drug that satisfactorily counteracts the central vaso-
dilation produced by sp1nal anesthesia. When injected deep 
----_____ ,-" _ .. __ ~---"",,"-.~_&J __ 
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into the gluteal muscles, it causes an increase in blood 
pressure which will usually last from twenty-five to thirty 
minutes. In the average case, this covers adequately the 
time during which a high anesthesia would cause a drop in 
blood pressure. The low blood pressure occuring in spinal 
anesthesia usually lasts from twenty-five to thirty minutes. 
After this time the action of the drug has worn off suffi-
ciently to allow the blood pressure to return to about 
normal. 
The whole syndrome is that of cerebral anemia, except 
for the slowing of the heart, which is due to the unrestricted 
action of the vagus nerve. That the slowing of respirations 
and the depressed feeling in the chest are not due to respira-
tory failure or J;Bralysis is shown by the pat ient I s relief 
when the head is lowered, forced breathing started or a car-
diac stimulant administered. 
Bespiratorl parallsis. Boeder (19) states that spinal 
anesthesia produces respiratory failure in two ways; a paraly-
sis of the motor nerves of respiration, and a paralysis of the 
vasomotor nerves of the splanchnic area which results in loss 
of blood pressure followed by a myocardial and medullary 
ischemia. 
This is in accordance with other anthors. Koster (20) 
finds that in spinal anesthesia a slight respiratory depression 
may occur without any degree of respiratory paralysis. This is 
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not true respiratory paralysis due to the drug but is the result 
of lessened bulbar function due to anemia. plus cessation of 
abdominal breathing. This Shallow breathing with intervals of 
deep sighs readily clears up as the pallor, insomnia, and other 
symptoms of a lowered blood pressure are relieved. When the 
pat ient 's respirat ions slow gradually, the cause is paralysis 
of the phrenic nerve and not of the respiratory center. With 
neocaine or similar novocaine products, fortunately ,it is al-
most impossible to paralyze the upper cervical nerves when the 
drug is injected below the twelfth dorsal vertebrae. 
True respiratory failure is due to a high anesthesia and 
it will vary with the height and concentration of the anesthetic, 
the vitality of the patient. and the operators. Cyanosis and 
unconsciousness lIlal' develop and the heart stop beating unless 
artificial respiration is begun. This is the important compli-
cation of high anesthesia and may prove fatal. In those sur-
fical procedures below the umbilicus where the anesthesia is 
low, respiratory paralysis is of less consequence. SUdden 
respiratory failure may occur even with the l'W'llbar puncture. 
SUch individuals are predisposed to sudden complete collapse 
in any type of surgical procedure. This suggest s a thorO'llgh 
study and examination of the patient before treatment is 
attempted. (26) 
~hock and ~cope. The majority of the deaths which bave 
been attributed to spinal anesthesia have been a result of 
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shock. No doubt ~ of these fatalities wer.e the resttlt of 
improper technique or disregard of definite contraindicat1ons. 
Evans (18) enumerates at least six w~s in which shock or syn-
cope m~ be produced during spinal anesthesia.. 
(1) Lumbar vancture or meningeal reflex shock. This may 
occur in the nervous or over-stim~ated patient, especial11 
where insufficient preoperative morphine has been given. It 
may follow an injury to the meninges when a large needle is 
used or repeated attempts have been made to enter the dural 
canal or the patient bas been kept too long in the sitting 
position. The onset in these cases is usuall1 sudden C~ 
plete collapse with cessation of the f'l.Ulction of the vital 
centers. The result is variable fran a mild fainting spell 
to sudden death. 
(2) Visce~al reflex shock. This may occur when the in-
testines are too rougll11 bandled, when the stomach or omentum 
is pulled upon, or when the upper abdominal organs are tight11 
packed off. According. to Evans (lS), lilt is the result of 
disregarding the principles of atraumatic surgery and should 
not occur with those who are zealous of their technique." 
(3) Byper~~sceptibilit1. This very rarely occurs, since 
few people are' hypersusceptible to neocaine. Therefore, an 
acute drug poisoning may occur following its intra-spinal 
administration. The drug poisoning may be due to an unusually' 
strong drug or to the accidental injection into one of the 
,-
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meningeal veins. The symptoms are those of a.na.pbJrlactic shock. 
(4) Position shock. This occurs when the patient is sud-
denly changed from one" position to another, especially from the 
Trendelenburg to the horizontal position. It occurs most fre-
quently in weak or very old patient$. These patients have had 
what, for them, is almost a lethal dose of the drug and have had 
low blood pressure and a decreased respiratory rate throughout 
the operation. The shock results from an added embarrassment 
ro an alrea~ overladen heart. It is the most common complica-
tion occuring at the end of the operation. Patients who have 
been quiet and apparently asleep during the operation seem most 
apt to be affected this way~ 
(5) Intracranial pressure shock. This may lead to wbat is 
known as "lumbar puncture death". It mq bave been the cause of 
many deaths which have been cited to prove spinal anesthesia a 
radical and unsafe anesthesia. It is the commonest cause of death 
following thes~ple lumbar puncture, yet diagnostic lumbar punc-
ture continues to be accepted as a valuable and standard procedure. 
Shonbeck thoroughly reviewed the literature and collected seveniy-
one cases. Over 50% had intracranial tumors, 13% had cerebral 
hemorrhage, and approximately 58% of the cases presented symptoms 
of some cerebrospinal pathology whieh was present at the time of 
the lumbar puncture. 
This aaute condition results from a loss of spinal flUid, 
either at the t 1me of the puncture or by later leaka.ge through 
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the dural opening. Due to the release of spinal fluid pressure 
below, the medulla is jammed into the surrounding foramen magnum • 
. Death may be sudden, beginning with a terrific headache, or it 
may occur within a few ho'ars. It is due to suppression of the 
medullary centers and the symptoms are those characteristic of 
severe intracranial pressure. This should invoke one to take a 
careful history and make a complete physical examination of the 
patient before instituting lumbar puncture. 
Meningitis. The complication of meningitis occurs in a 
frequency which 1s proportional to the faults in technique. 
With those using correct technique, 1 t 18 qUite raPe. Several 
types of meningitis may be found. 
(1) Non-infective irritative meningitis is an irritative 
condition of the meninges which is often spoken of as "meningis-
mus". It is essentially a congestion with resulting emdation 
following the exposure of the meninges to any toxic substance. 
It may follow a toxic dose of the drug, capillary hemorrhage 
when a dural blood vessel is punctured, trauma to the dura when 
several attempts are necessar,y to enter the dural cavity, or 
the introduction of foreign material, such as rust or dirt which 
may COlDe from the syringe, needle or drug. 
Beginning twelve to twenty-four hours after the injection, 
the patient shows mild meningeal symptoms such as pain along 
the spine, stiff neck, photophobia and nervousness. Rarely tpere 
may be a persistent headache,while the more severe cases may 
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show some involvement of the eye muscles. There is an increase 
in the spinal fluid pressure and an examination of this fluid 
shows an increased cell count but no marked increase in globu-
lin. The symptoms in this form are mild and disappear after 
six to ten days with no after effects except possibly a neurosis 
which mar be overcome by reassuring the patient. 
(2) The meningitis mar be of the purulent type and mar be 
comparable to the infective peritonitis that follows a clean 
laparotomy. It is the same risk of sepsis encountered in every 
surgical case. The symptoms show themselves, usually, during 
the first twenty-four to forty-eight hours. Headache and rest-
lessness are followed by the characteristic signs and symptoms 
of an infectious meningitis. The spinal fluid in this type will 
show a marked turbidity, the pressure will be high, and the cell 
count and globulin greatly increased. As a rule, the meningitis 
tends to clear up spontaneously in ten to fifteen days with no 
after effects. Very few cases have been reported and only two 
deaths bave been reported in the last twenty years. 
Neuritis or palsZ. These rarely occur following spinal 
anesthesia and should cause little alarm since they clear up 
spontaneously with no after effects. One exception is often 
made. the motor or sensory paralysis due to extensive trauma 
of the nerve roots. 
The palsies are of two types, those due to trauma at the 
site of puncture, and those due to damage at a distance. If 
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the spinal needle comes into contact with the spinal roots or 
the nerves of the cords equina, we find motor or sensorT ter-
minal disturbances. There may be sharp shoot ing pains, muscle 
spasm, anesthesia in the lower extremities, transient paralysis 
or irritation of the vesical or anal sphincters. These are due 
to a slight readjustment with no later complications. 
When the nerve roots are more severely damaged, there will 
be a more lasting anesthesia or paralysis. When the continuity 
of the nerve roots is severed there will be a permanent damage. 
Unlike the puncture of a nerve root, the puncture of the cord 
causes neither pain or after effect. Fortunately, organic 
cord changes do not come on later i~ life following spinal 
anesthesia. 
Ocular ~omplications. These are practicallT limited to 
paralysis of the extraocular muscles, usually of the external 
rectus which is ~pplied by the abducens or sixth nerve. Al-
though ocular disturbances bave set in from several days after 
injection to as late·as the second week after operation, cases 
bave been reported wherein they occurred immediately following 
lumbar puncture. As a rule this complication tends to be 
transitory. After a max~um effect lasting from one week to 
ten days, the condition Shows signs of beginning improvement. 
Abducens paraly-sis is usually ushered in by a preliminary 
photophobia. Diplopia su.pervenes and is homonymous. Ou.tward 
motion is limited and there is a convergent sq~nt. All these 
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symptoms are exaggerated as the patient attempts to abduct the 
affected eye. A functional optic neuritis occasionally acco~ 
panies abducens palsy. There is a distUrbance of vision, Bome-
times insignificant, at other times rather.marked. There m8¥ 
be a complete temporary blindness. This usual~ lasts from two 
to five days. When it occurs, it is usual~ unilateral and is 
as frequent in the right eye as in the left eye. (27) 
The explanation usually given of the mechanism by which 
the sixth nerve becomes involved, postulates an edema. of the 
brain consequent to injection. The long course of the sixth 
nerve at the base of the brain allows for relatively more 
stretching. This, it is be1ieved, interferes with its function. 
As the edema subsides, there is a recession of symptoms. 
Another explanation advanced is that the sixth nerve is 
particularly susceptible to the effects of the anesthetic. 
While there is some evidence that different nerves are variously 
affected by anesthetiCS, wbl' the delqed activity? 
In treatment of this condition, the element of time is the 
most important factor, and the patient confidently assured of 
completeeure. Perhaps it is one of the symptoms of a low 
grade meningitiS and can eventually be eliminated by better 
teChnique. 
Nausea and vomiting. These usually occur in spinal anes-
thesia where there have been errors or omissions in the proce-
dure.When it becomes necessary to put the patient in the 
49. 
Trendelenburg position or to pack off the abdomen tightly, 
nausea and vomiting somet~es occur. There is no severe 
postoperative nausea or vomiting after spinal anesthesia 
. alone. There may be severed different causes,however, 
for these symptoms during a spinal anesthesia. 
Oerebral anemia produces nausea and vomiting during 
the first fifteen minutes of the anesthesia or when the 
patient is suddenly moved. It may be merely the slight 
nausea which is concomitant of low blood pressure or it 
may go on to severe vomiting. It can be prevented or readily 
stopped by the methods used for treating a motor collapse. 
As in all other cases of cerebral anemia, the head and 
shoulders mnst be flat and the patient put in the Trendelen-
burg position. 
Psychic nausea is the result of certain mental impres-
sions. The patient ma.y be reacting perfectly well to the 
operation and be showing no signs of either pain or excite-
ment and then become suddenly extremely nauseated, vomit 
and extrude the viscera through t he abdominal incision. 
Such upsets commonly follow lack of preoperative morphia 
and poor psychology on the surgeonts part. Such questions 
as. "Does it hurt 1" and "You must be quiet m:nt and help usl! 
are rather suggestive. Such nansea is the result of the 
terrifying thoughts of an overactive mind which are often 
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intensified by the thoughtless questions of tl:e ope'rator. 
Such attacks are very similar to those which occur when one 
first sees human blood or mutilated bodies. Sufficient mor-
phine and an entertaining and cooperative anesthetist should 
eliminate this complication. (45) 
Reflex vomiting often occur~ due to excessive action of 
the diaphragm in breathing, a sudden change in position of the 
patient t packing against the stomach, anCl manipul.ations of the 
stomach and duodenum. All these interfere with the normal 
function of the stomach and this dysfunction, added to anal-
ready existing slight cerebral anemia, is often ~fficient to 
\ 
start a reflex vomiting. 
Postoperative nausea and vomiting may develop as an accom-
paniment to the spinal puncture headache or Dla7 be one of the 
symptoms of a meningeal irritation or infection. 
Headache. This is the most annoying complication of spinal 
aaesthesia. Lumbar puncture headache is the most common head-
ache following spinal anesthesia. ,It is not dependent upon the 
blood pressure of the patient and it may occur regardless of 
the fluid removed. A later'lumbar puncture will show that the 
spinal fluid pressure is lower than it was at the time of anes-
thesia, and an examination of the flUid will show a decrease in 
the cell count and globulin content. The patients usually com-
plain of an occipital or a parietal headache which appears during 
the first twenty-four hours after operation and which gradually 
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increases in severity_ The headache is worse when the head 
and shoulders are raised but completely disappears when the 
head and shoulders are lowered. No drug gives sufficient 
relief in this type of headache. 
Meningeal reflex headache occurs two or three hours after 
the spinal injection and i.s usually gone by the end of the 
third postoperative day. It results from meningeal irrita-
tion, especially when a large needle has been used or when 
there has been difficulty in entering the dural canal. It 
is not serious and will cease spontaneously within a few days. 
and may be relieved by mild sedatives and morphine. 
Koster (20) states "Headache is not only the most trouble-
some complication of spinal anesthesia but it is also the most 
frequent." He also finds that they disappear within twenty to 
seventy~two hours. The severe agonizing persistent type that 
resists the ordinary analgesics is rare. 
Much theorizing bas been done in an effort to explaiu the 
cause of this type of headache. (1) Loss of cerebrospinal 
fluid through the puncture wound in the dura by seepage into 
the extradural soft tissues. (2) An increa.se in the volume 
of cerebrospinal fluid contained within the subarachnoid space. 
The mechani~ of the first type is ascrlbedto the lack of 
elastic and contractile tissue in the fibrous dural.membrane. 
The puncture hole caused in the dura by the needle point does 
not close until a fibrin clot forms or normal healing takes 
.~" 
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place. Laminectomies have been reported eight to fifteen days 
after a lumbar puncture with the tracts of the puncture found 
still gaping, closed only by non-adherent, epidural fat. 
Upon withdrawal of the needle, the dura and the underlying 
pia-arachnoid are left in one of two possible relations. Either 
the openings in the two membranes are super1m:posed, if the pia 
is drawn back through the dural opening by the needle. allowing 
leakage to take place, or. else the movement of the soft membranes 
upon each other causes the openings in the respective membranes 
to be situated at different levels. The force of the cerebro-
spinal fluid is then thought to compress the pia-arachnoid against 
the dura for an interval long enough to permit the pia.l opening 
to close by virtue of its inherent elastiCity. If the latter 
mechanism takes place, very little cerebrospinal fluid will 
escape. 
As a result of the considerable seepage of spinal fl1,1id 
during the first few hours after operation, there is a distur-
bance of the intracranial portion of the cerebrospinal fluid. 
It has been claimed that the latter factor, by removing the 
watery cushion. allows the brain to sag against the bony 
framework of the skull. This in turn supposedly irritates 
the dural fibers of the trifacial and two occipital nerves. 
Pressure on the basilar venous plexus diminishes the outflow 
of venous blood from t he cranial cavity and brings a.bout an 
increase of venous tension. Lowering the patient's head is 
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thought to remove the brain from contact with the aforemen-
tioned nerves and venous plexns, t~s tending to lessen the 
severity of the headache. 
The second variety mentioned above is thought to be due 
to an increase in the quantity of.cerebrospinal fluid. Usually. 
other ~ptoms and signs are associated as, for instance, stiff-
ness of the neck, photophobia, and,more rarely. paralysis of 
the external rectus muscle of the eye with or without a con-
comitant diplopia. This syndrome 1s described as the postanes-
thetic men1ngitis or meningiSIm1S. Whereas in the former variety 
of headache, the spinal fluid pressure mar be ver" low, there is 
usually found an increase in the pressure associated with an 
increase in the cells and globulin constituents of the cerebro-
spinal fluid in those patients with meningi~s. Thus, either 
a state of meningeal irritation is present, or else, rather in-
. 
frequently, a true infectious meningitis. Such headaches do 
not respond to lowering of the head. 
Anal or vesical incontinence. Sane authors refer to these 
as complications of spinal anesthesia. A feeling of fullness is 
experienced in the rectum as if there was need for evacuation. 
This persists even after the bowel has been emptied. In some 
reports, cases of fecal incontinence due to the fact that sen-
sibllity of the anus had been lost have been mentioned. Urinary 
incontinence has been reported, followed by fecal incontinence. 
Fully a year ~ elapse before complete restoration of function 
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appears. Sal-leras operated upon a boy of seventeen for acute 
appendicitis and the patient shortly afterward developed a 
marked vesical retention. Fecal incontinence was also present, 
as were exaggerated knee jerks, hyperactive tendo Achilles re-
flexes, ankle-clonus, and a positive Babinski reaction. Salleras 
advanced the theory that the medullary centers of defecation and 
urination bad suffered~e as a result of a local irritation 
of the meninges. The latter gave rise to a meningitis which 
caused a compression of the area either by the increased quantity 
of fluid formed in response to the irritation or by the presence 
of hemorrhage into the subarachnoid space bro~t about by the 
trauma of the needle or else damage to the centers resulted from 
the onset of a sclerosis. (43) 
It has been demonstrated that there exists groups of fibers 
in the tuber cinereum, one regulating the metabolism of car~oW'­
drates, the other the retention of water in the organism. The 
nucleus proprius of the tuber cinereum ( situated superficially) 
would be the center of nervous polyuria. It is easy to conceive 
of the causation of the in:f'undibulo-tuberien syndrome (nervous 
polyuria) resulting from a meningeal lesion limited to the base 
of the brain near the posterior aspect of the tuber-cinereum. 
The lumbar puncture may have reactivated the latent meningitis 
either through the direct action of the injected anesthetic or 
more iikely by simply disturbing the equilibrium of the ~a.mics 
of the cerbrospinal fluid. It has been shown that the intraspinal 
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injection of sterile water or even of nor,mal saline solution 
is followed by after disturbances. (44) 
The necessity of catheterizing patients occurs in about 
ten per cent. of cases, and of this number ninety per cent. 
need onll' one or two catheterizat10ns and the remainder void 
spontaneously after the third day. Retention seldom lasts 
longer than the stay in the hospital necessary for wound 
healing. 
Koster and Weintrob (20) found that following anesthesia 
induction in a patient just catheterized, upon opening the 
abdomen the bladder might be found full. It was assumed that 
the catheterization had be.en incomplete, but more recent ob-
servations on kidney secretion following splanchnic section 
have presented a satisfactory explanation. It is found that 
splanchnic section or block results in the simultaneous ac-
t ivity of all the kidney glomeruli. Normally ,part of the 
glomernli rest while others function. With all of them active 
during a:If3 given time, urinary secretion is tremendously in-
creased. Apparent 11 , glomeralar activity is continuously con-
trolled by impulses coming through the splanchnics. It was 
thus concluded that spinal anesthesia which is high enough to 
block all the splanchnic influences, abolishes the control and 
increased secretion results. 
~Aa co~lications of spinal anesthesia need not precipitate 
too great a fear of this anesthesia, but merely bring to onets 
attention that severe complications can arise if we are lax in our 
technique or are not always on the look out for complications. 
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.APPLICABILITY 
During my review of the literature on spinal anesthesia, 
I found considerable controver~ as to the applicability of 
this form of anesthesia. It is qUite generally admitted by 
both those advocating and those less enthUsiastic about spinal 
anesthesia, that it is the anesthetic of choice for all opera-
tions below the umbilicus. In these operations the dose is 
small and danger of vasomotor collapse and respiratory paraly-
sis is small. 
A few authors, including Koster of Brooklyn (lO),endorse 
its use for operation high up. With high injection, the danger 
of collapse and respiratory failure is markedly increased. The 
duration of anesthesia must be lengthened since these operations 
reqUire more time. Thus a larger dose of the drug must be given 
and its toxic effects become greater. Its effect on the bulb 
and vital centers have not been fully worked out and nothing 
definite can be said about its use in operations higher up. 
There are certain contra-indications to spinal anesthesia 
which must not be overlooked even though it has numerous advan-
tages over other types of anesthesia. 
As there is an almost constant drop 1n blood pressure of 
varying degree, spinal anesthesia should not be used 1n cases 
in which there is a marked hypotension from shock, hemorrhage 
or any other cause. Moderate hypotension need not be considered 
definitely contra-indicated in operations low down, and requiring 
small doses. Such hypotension can be alleViated by the use of 
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adrenalin or intravenous saline solution during the operative 
procedure. 
Cases in which there is a marked interference with free 
cardiac action should not be chosen; pericarditis, advanced 
myocarditis, mediastinal tumors, and large pleuritic ef~sions 
displacing" the heart are examples of this. These conditions 
may also play an important part in the movement of the dia-
phragm. This contra-indicates spinal anesthesia due to the 
respiratory paralysis indaced by the anesthetic. 
Ca.sesin which there is existing cerebrospinal disease 
should not be chosen unless there are other conditions present 
which render spinal anesthesia the anesthesia of choice. It 
is also dangerous to use this form of anesthesia when there is 
any likelihood of a convulsion occuring at the time of or 
shortly after injection, such as eclampsia, tetanus or bysteria. 
If there is a marked bony deformity. making puncture iJn... 
possible, or if there is an active disease of the bone or over-
lying soft parts, this type of anesthesia should not be used. 
In using it one would be exposing the patient to some form of 
meningitis without question. 
In spinal anesthesia a very small dose of a toxic drug is 
used and confined to a small area in its action, making it 
definitely indicative for use in many conditions. The action 
is temporary and there is no deleterious effect on structures 
remote from the area of injection. These pOints, in addition 
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to its particular physiological action, peculiarly adapt it to 
use in certain conditions in which inhalation anesthesia is 
contra-indicated. The latter is dangerous in these conditions 
because it places the organi~ in a state of general toxicity, 
because of its irritative action on the lungs and other less 
important physiological actions peculiar to it. In a broad 
wq, when speaking in favor of spinal anesthesia, we may con-
sider all operations below the nipples can be done with a suf-
ficient degree of sucoess and safety under spinal anesthesia 
to ~rrant its use, if in the hands of one with reasonable 
skill in the method. 
Patients who bave a ver,y high blood pressure, or in whom a 
slight rise in blood pres~~e would be dangerous, or in whom it 
would be advantageous to lower the blood pressure. during opera-
tion, should be operated under spinal anesthesia. The majority 
of cases falling in this olass would probably be those suffer-
ing from advanced arteriosclerosis or cardiorenal disease and 
aneurisms. There is less impairment of renal function follow-
ing operation under spinal anesthesia than under inhalation 
anesthesia. This fact has been definitely determined by a 
comparative study with phenolphthalein functional renal tests 
and by careful examination of catheterized specimens of urine 
before and after operation. 
This faot renders spinal anesthesia doubly indicated in 
the presence of nephritis. Yount (21) reports two cases of 
severe nephritis developing after a small operation under 
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spinal anesthesia. He states. however. "We feel that sudden 
renal impairment is due more to trauma and toxic absorption 
than to any effect of the anesthetic on the kidneys in the 
case of spinal anesthesia." The higher percentage of impair-
ment of excretion as shown by the phthalein test gives reason 
. to this assumption. 
Stabins and Morton (22) report in their cases that spinal 
anesthesia does not seem to upset the normal kidneys in ~ 
way that they could demonstrate clinically. There are no ab-
normal constituents in the urine and tests for kidney function 
show that there is no impairment after this form of anesthesia. 
A very concise and yet complete ~r.y of the advantages 
and disadvantages of spinal anesthesia is given by McGehee of 
Memphis. (23) 
The advantages: 
Before operation: 
"(1) Assurance and calniness on the part of 
patients, espeCially those fearing a tem-
porary loss of consciousness. 
(2) Fluids and foods may be given until the 
time of operation." 
During operation: 
"(1) Consciousness of the patient during the 
performance of the operation. This permits 
closer observation of his general condition. 
"(2) The analgesia is more perfect and the 
relaxation more complete than with general 
anesthesia. 
(3) Packs and pads will not be necessary 
because of the complete relaxation of the 
intestinal tract and the intestinal coils 
drop away from the site of operat ion. This 
permits the surgeon to operate more quickly, 
more easily, and with less trauma.. d 
After operation: 
d(l) Postoperative shoCk is mln~lzed, since 
the afferent nerves carrying painful impulses 
to the brain are bloCked off. 
(2) Since t he minimal protoplasmic and meta-
bolic disturbances are produced, there is 
less danger of disturbing the equilibrium of 
the patient or preCipitating severe general 
reactions, which are always feared after 
deep ether anesthesia. 
(3) The violent nausea and vomiting. the gas-
tric and intestinal distention, and the vari-
ous forms of muscular restlessness which 
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usually follow a general anesthetic are absent~ 
(4) Although the intestines are stimulated, the 
anal sphincter is relaxed. This allows the pa-
tient to expel material which wo"ald later fill 
61. 
the colon and rectum when intestinal movements 
are frequently del~ed thirty-six to forty-
eight hours after major operations. Therefore, 
we have a patient who is able from the time of 
operation to take and hold soft foods and fluids." 
~e disadvantages: 
8,(1) Spinal anesthesia is not an anestheSia of 
universal application. It bas its limitations 
and contra-indications which must alwafs be 
carefully considered. 
(2) Consciousness in certain patients, especially 
those in which sedatives are contra-indicated, 
~ give rise to psychical impressions which are 
undesirable. 
(3) There is a definite limit to the duration of 
spinal anesthesia and operations. requiring time 
greater t ban this limit must be finished under 
general anesthesia. 
(4) The severe, persistent headache which some-
times follows the use of spinal anestheSia, al-
though not dangerous is very annoying to both 
the patient and. the surgeon. 
(5) The ocular palsies, though rare, are con-
.sidered serious sequelae. They seldom occur 
in well conducted cases t and in all cases clear 
up spontaneously. 
(6) The danger of meningeal infection or cord 
injury is omnipresent, but this is rare and 
unimportant when the pneumonias, emboli, pul-
monary edema, acute gastric dilatation, and 
the many other untoward effects of inhalation 
anesthe sia are considered. II 
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The danger of pulmonary complications postoperative is con-
sidered by many to be as great in a local type of anesthesia as 
in the general anesthetic. Stabins and Morton (23) state 
"It is a matter of common knowledge to operators trat postopera-
tive pulmonary complications are noted as frequently after local 
anesthesia as atter general. If This is one of the main arguments 
for the embolic theory of pulmonary postoperative involvement. 
A great many investigators doubt the existence of, true patho-
logical processes in the lung due solely to irritation of inha-
lants. There is'one possible exception, according to Morton (23), 
where inhalation anesthesia may be responsible for a spread of 
pre-existing lung pathology, that is, quiescent tuberculosis. 
Even here, there is no general agreement among authors. Pul-
monary complications are due to pre-existing foci which have 
. lodged in the lung fields, or to deficient ventilation and con-
sequent congestion of patches of lung tissue. More and more it 
is being believed this last type of condition is most often 
responsible for acute postoperative pulmonary complications. 
Spinal anesthesia is less irrita.tive to the lung tissue and may 
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prevent the flaring up of a pre-existing foci, but can hardly 
prevent the spread of small emboli. 
No anesthetic is suitable in all cases requiring surgical 
therapy. The induction of anesthesia. or better analgesia. 
should be based upon a number of factors. The anesthetic 
should be made to conform to the patient's condition and the 
condition demanding surgery. As may be seen from the advan-
tages and disadvantages just enumerated, spinal anesthesia is 
the only type to employ in some cases, while it might be most 
dangerous in other cases. 
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Spinal anesthesia has found a definite place in modern 
I?I 
surger,y. It is yet young and in its experimental stages, with 
possibilities of an even greater future. It, as other forms 
of anesthesia, had its accidental beginning. It progressed 
through all the experimental stages with much criticism. Many 
operators thinking spinal anesthesia a ver,y simple procedure 
had many fatalities due to neglect in technique. Thus, spinal 
anesthesia received much undue criticism which has left its 
imprint throughout the entire development. 
The fact has been stressed that success in spinal anes-
thesia depends upon the anesthetist rather than the drug or 
technique of injection alone. Danger is increased from prac-
tically nil to a very real quantity by neglect of the avail-
able safeguards and antidotes. Failures should be attributed 
to incorrect tehcnique alone. Postoperative complications are 
dependent upon eitiler the "sins of commission" or the "sins 
of omission". 
Master,y of spinal anesthesia will place in the surgeonts 
hands the safest, the quickest and the most satisfactory anes-
thesia known today for use in a great number of operative pro-
cedures. On the other band, one must know when other agents 
are best employed. 
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